Cronbach's alpha, which needs to lie between 0.7 and 0.9, was 0.9 for the PEM. Pain, tenderness, swelling, wrist movement and grip strength correlated with the PEM score confirming the validity of the assessment. Changes in the different variables between visits correlated significantly with changes in the PEM score; its effect size and standardised response mean were comparable to those of grip strength and movement, confirming the responsiveness of this questionnaire. Gender, dominance and the side injured did not influence the scores. Older patients had a poorer outcome as assessed by the score which appeared to be a true effect and not age bias. Our study confirmed that the PEM is a reliable, valid and responsive instrument in assessing outcomes of disorders of the hand. There are many patient-completed questionnaires for the assessment of outcomes in the hand which need evaluation to establish that they are robust, relevant and responsive. Such evaluation is critical in choosing a measurement of outcome which can be used during treatment and be employed confidently by post after discharge from hospital.
There are many patient-completed questionnaires for the assessment of outcomes in the hand which need evaluation to establish that they are robust, relevant and responsive. Such evaluation is critical in choosing a measurement of outcome which can be used during treatment and be employed confidently by post after discharge from hospital.
The Patient Evaluation Measure (PEM) developed in the UK in 1995 1 has a simple layout with questions asked in a visual analogue form. Patients are asked to read and comprehend the question alone and not the description of each interval answer. The form is uncluttered and easy to understand, complete, enter into a database and to analyse. A computerised optical mark reader can be used to minimise errors in entering the data. However, the reliability, validity, responsiveness and bias have not been determined. Our study, independent of the originators of the form, investigated these attributes for disorders of the wrist.
Patients and Methods
Between October 1996 and July 1999 we studied 80 patients with acute fractures of the scaphoid at 2, 8, 12, 26 and 52 weeks after the injury. There were nine women and 71 men. Their mean age was 29.7 years (SD ± 10.1; range 16 to 61). Thirteen were left-handed and 66 were righthanded. One was ambidextrous. These patients formed part of a study on scaphoid fractures. Patients with pre-existing disorders of the wrist or hand were excluded. At each visit information on the type, site, severity and frequency of pain and swelling were collected. The hand was examined for the site and severity of tenderness. The ranges of wrist movements were measured in a standard manner using a goniometer. The sum of flexion, extension and radial and ulnar deviation was expressed as a proportion of the sum of these movements on the opposite, unaffected side. The grip strength of both hands was measured using a single calibrated Jamar dynamometer (Preston, Jackson, Michigan). That of the affected side was then expressed as a percentage of the grip strength measured in the opposite hand on that visit. This technique of measuring grip strength should overcome the known variations in its assessment.
The PEM (Fig. 1 ) was given to the patient in the clinic at each visit. The answers to the questions are presented as a seven-interval visual analogue scale for each item. The patients attributed values for each of the five items in the first part of the questionnaire, which assessed their view of that particular consultation, and the third part which gave a general view on their treatment and of the condition of the hand. The second part of the PEM, the Hand Health Questionnaire, has ten questions investigating different attributes of hand health and function. A question on the duration of pain (number 4) was added to the original version of the questionnaire.
This was first given to the patient when followed up after two weeks. At each subsequent visit the patients were told what their answer had been at the previous visit for each question and they were then asked to indicate on the visual analogue scale the direction and magnitude of change for each item in the time period between assessments. This ensured that each was assessed by the patient as a transition question. The PEM score was then calculated by summing the values for each item in parts two and three and expressing it as a percentage of the maximum possible score. The first part, which assessed the patient's view of the consultation, was excluded. We collected complete unmodified data on these variables from 275 patient visits. They were used to assess reliability, validity and bias. Reliability. This was assessed by measuring the internal consistency of the 11 items in the Hand Health Questionnaire part of the PEM and three items in the overall assessment. We measured the correlation of each item with each of the others and generated Cronbach's alpha. 2 The questionnaire was considered to be internally consistent if Cronbach's alpha was between 0.7 and 0.9. Internal consistency investigates how well different items in the scale measure different aspects of a single assessment, namely the health of the hand in this study. If the internal consistency is too high, >0.9, then the items are measuring the same aspect twice.
Validity. The validity of the PEM was assessed by determining how well responses to each item of the questionnaire, and the total score, correlated with pain, tenderness, swelling, wrist movement expressed as a percentage of the movement of the opposite wrist, and grip strength expressed as a percentage of that in the opposite hand. The correlations were calculated by combining data on repeated assessments at different points in the treatment of the same patients. Because of the repeated measures, conventional standard errors were too small and therefore the correlations have been given without confidence intervals. Thus, different subjective and objective parameters of hand function were used to assess whether the PEM was measuring what it was designed to accomplish. Responsiveness. The ability of the PEM to detect clinically important change, that is its responsiveness, was assessed. 3 The change between visits for each patient in pain, tenderness, swelling, wrist movement, grip strength and the PEM score was assessed. Changes in the PEM score were correlated with changes in each of the other variables. 4 In addition, responsiveness was measured by the effect size 5 and by assessing the standardised response mean.
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Bias. Item bias 7 was investigated by measuring the variance of each item of the PEM and the full score for gender, hand dominance, the side injured and injuries to the dominant hand as opposed to those in the non-dominant hand. Age bias in the responses was studied by correlating age with the PEM score. The effects of subject factors such as age and gender were tested in a repeated-measures analysis of variance, which incorporated a fixed effect for the visit and a random effect for the subject.
Results
Reliability. Table I shows the correlation between each item of part two (Hand Health Profile) and part three of the PEM scale and the remaining items in this part of the questionnaire. This correlation was between the 14 items in 80 subjects, some on five occasions. There is overall correlation across visits and for each visit. Cronbach's alpha for each visit was 0.874, 0.905, 0.939, 0.912, 0.911 for weeks 2, 8, 12, 26 and 52, respectively. These figures tend to be slightly lower than the overall value (0.932) because the latter reflects the extra correlation due to changes in the group mean score over time. An individual Cronbach's alpha measures the consistency of the items at a single point in time and the overall Cronbach's alpha the consistency across time.
The correlations of the use of the hand for fiddly tasks, hand grip and overall satisfaction were high with the rest of the scale at 0.83, 0.84 and 0.84, respectively. The correlations of hospital treatment, appearance and feeling were particularly low at 0.34, 0.43 and 0.36, respectively. The internal consistency was assessed by calculating Cronbach's alpha from these correlations and found to be 0.9. The degree of contribution of each item was studied by measuring Cronbach's alpha excluding that particular item. This is demonstrated in column 4 of Table I . If an item is contributing a disproportionate amount to the internal consistency then deleting that item will cause a fall in Cronbach's alpha from the scale value of 0.9. If the item is not influencing the internal consistency, the Cronbach's alpha will rise. As Cronbach's alpha remained close to the scale value, our interpretation was that each item contributed to the overall picture of the health of the hand and that the scale was reliable. Validity. A fundamental requirement of any questionnaire is that it measures what it is meant to. This can be investigated in different ways, but perhaps the most measurable is its validity. This assesses the different items on the scale against a number of other measures such as disorder-specific questionnaires or objective evaluation of different aspects of the disorder. Table II shows that the PEM was highly valid since it correlated with other commonly used assessments of the function of the wrist and the hand. Pain, tenderness, swelling, range of movement and grip strength all correlated with individual items and the total score of the PEM. Responsiveness. A questionnaire which is used for repeated assessments of abnormality of the hand must be able to reflect the change in the underlying disorder by parameters such as pain, tenderness, stiffness and weakness which are commonly used for assessment. Of the various statistical measures to assess responsiveness, the easiest to understand is the correlation between the variation in the questionnaire to changes in pain, tenderness, swelling, movement and strength. 4 Table III shows that severity of pain and grip strength correlate significantly (p < 0.001) with changes in the PEM score between the second and eighth weeks, and that the severity of tenderness, range of movement and grip strength correlated significantly (p < 0.03) between weeks 8 and 52. The effect size, calculated by dividing the mean of change in the PEM score between visits by the standard deviation of the baseline PEM score, was 1.12. This needed Table IV shows the relationship between the PEM score and assumed independent variables such as age, gender, hand dominance and the side of injury, to determine whether there is item bias. The regression coefficients were obtained separately from models which also adjusted for the subject through a random term and the time of the visit through a fixed effect. There was no item bias for gender, dominance and side injured. The correlation with age was significant at 0.01, suggesting that older patients had a slightly lower PEM score. Instead of an age bias this could suggest a poorer outcome in older individuals, which was confirmed by a regression analysis of age and grip strength (regression coefficient, -0.51; standard error, 0.16; p value = 0.002).
Discussion
Assessing the outcome of treatment is the only way to monitor the effectiveness of the intervention and the quality of care. The task is difficult. Several techniques have evolved to look at outcomes of injury or intervention for disorders of the hand. Most are specific to a single anatomical region or a single disorder. Some have been validated and, although these, such as the Jebsen test, have been shown to be robust, their routine use is uncommon. Other tests such as the SF36 or the Nottingham Health Profile are so general in assessing the patient's 'whole' state that it is difficult to even obtain an indication of what aspect should be addressed in order to improve outcome. We believe that a patient-completed questionnaire is the most efficient way of collecting information on outcome for routine use. Specific outcome measures may be required for audit and comparative studies, but cannot be used routinely in busy hand clinics. The forms, shown in Figure 1 , provide a method of assessing outcome without the need for the patient to attend an outpatient clinic. This has the benefit of giving clinicians valuable information about the treatment or progress of a disorder, without the cost and time implications of repeated follow-up visits. An added benefit is that more clinic time could be available to devote to those disorders which do need careful monitoring. Patient-based outcome measures may also help to identify those patients who need formal review by doctors or by therapists.
While there are a number of questionnaires which assess outcomes of only one disorder (e.g., the Levine questionnaire for carpal tunnel syndrome 8 ), or for one region of the hand (e.g., the wrist score 9 ), there are very few that provide an overall view. In the USA two forms have been developed recently, the Disabilities of the Arm, Shoulder and Hand (DASH) 10 assessment and the Michigan Hand Index (MHI). 11 These were found by the originators to be relevant and robust. They are being used increasingly around the world. In the UK the PEM has been used. Each of these forms has positive attributes and drawbacks, the investigation of which was not the purpose of our study. In order to be used routinely such assessments must be valid, robust and relevant. They must also be simple to complete and have the ability to indicate in which way the outcomes are suboptimal. Our study tried to identify the various characteristics of the PEM form alone. We established that the items in the PEM are internally highly consistent. Each item on the scale contributed to building a reasonably complete picture of hand function. The questions addressed different facets of the use and function of the hand. Three questions, in particular, assessed the impact of the disorder on the patient. These are (i) 'When I look at the appearance of my hand now, I feel: unconcerned....... embarrassed and self-conscious'; (ii) 'Generally, when I think about my hand I feel: unconcerned....... Very upset'; and (iii) 'Generally, my hand is now: very satisfactory....... very unsatisfactory'. These attributes are not usually addressed in objective assessments of outcome, which tend to concentrate mostly on pain, tenderness, range of movement and pinch and grip strength. The face validity of the PEM questionnaire therefore appears sound.
The style of the questionnaire is simple. It uses short clear questions with a visual analogue scale with seven intervals to determine the magnitude of each answer. This provides an optimal interval scale 12 The only question in the Hand Health Profile section (part two) of the PEM to trouble the patient was the first: 'The feeling in my hand is normal.... completely absent.' In common English the word 'feeling' is more than just 'sensation of touch' and includes 'feeling of stiffness', 'feeling swollen' and 'feeling not right'. It is possible that changing the text of the question to, 'The feeling of touch in my hand....' may make this question more targeted to the assessment of sensation. If the disorder is known, keeping the general common language sense may be of equal value.
The picture of the validity of a questionnaire is built up from a number of disparate assessments carried out by different groups providing converging evidence rather than on a single study. The statement that a questionnaire has been 'validated' must therefore be seen in the context of 'for which disorder' and 'against what other measure'. The correlations between each item of the scale and the whole score with other objective assessments of range of movement, tenderness and grip strength confirmed that the PEM measures what it is designed to measure and confirmed the form's validity, at least for disorders of the wrist.
This study also established that the PEM questionnaire is highly responsive to change in the commonly assessed parameters of hand function such as pain, tenderness and swelling. It is similarly responsive to changes in movement and grip strength.
It is probable that the method of administration determined this responsiveness. After the initial visit, on subsequent assessment the patients were told their previous answer and were asked to indicate the direction (worse, no change, better) and the magnitude of any change since their last evaluation. In effect each question was assessed as a transition question. This overcame a number of extraneous influences in the completion of the form such as a chance entry a single interval away from the previous mark, mood, memory or the effects of medication. It should be possible to indicate the previous response on the questionnaire so that the patients could provide information of a change rather than selecting an absolute value on each occasion. Based on this study we recommend that if the PEM were to be used repeatedly the patient should know their previous answer.
The sensitivity and specificity 13 of this measure in detecting change could not be assessed confidently because of the very small numbers of observations where no change was detected in this study. There could also be an error in assuming that if patients had no change in their pain and movement they were completely stable clinically. For example, the quality of rate and rhythm of movement may have altered without any change in the range. The aspect of specificity requires further investigation in a population with a larger proportion of clinically stable individuals. There is a threat to outcome assessment from systematic bias when using a questionnaire.
14 Item bias can occur when independent variables such as gender and age affect responses to questions. This study confirmed that no bias existed for the PEM with regard to gender, age, hand dominance or side injured. In order to maintain the comparability of outcomes we strongly recommend that this questionnaire should be used by different units without modification. Any suggestions for modification should be forwarded to the originator of the form who could then propose, validate and institute a new version. The interval between modifications should be sufficiently long, probably five years, to avoid a variety of different versions creeping into use. Alternatively, modifications should only change the number of items studied while keeping the construct of each item unchanged. This would make any new version backwardly compatible.
As a result of our study we conclude that the PEM is an internally consistent form, which is highly valid and responsive. Gender, age, handedness and side injured did not cause bias in the responses. When this form is being administered repeatedly the patient should probably be informed of their previous answer to provide a better measure of change.
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